ABSTRACT. A crane herpesvirus (CrHV) grown in chickn embryo fibroblast (CEF) cells was tested for hemagglutination (HA) with erythrocytes from a variety of species at 4°C, room temperature and 37°C. HA was observed at all temperatures with erythrocytes from mouse, ddY and BALB/c strains, but not with those from cattle, sheep and chicken. Mice, ddY strain, showed an individual variation in agglutinability of their erythrocytes and erythrocytes from BALB/c gave a higher HA titer. The HA activity was inhibited by the sera obtained from naturally infected cranes, experimentally infected duck and immunized rabbit with CrHV. HI antibody titers of these sera showed a closely positive correlation with their neutralizing antibody titers. -KEY WORDS: crane herpesvirus, hemagglutination, hemagglutination-inhibition.
PBS (0.15 M NaCl, 0.02 M phosphate buffer; pH 7.2) and suspended in a diluent consisting of PBS, 0.2% BSA and 0.01% gelatin to make a 0.3% suspension. The BALB/c mouse erythrocytes were used, unless otherwise stated.
The HA and HI tests were carried out by the microtiter method using 96-round-well microtiter tray. In HA test, serial 2-fold dilutions of HA antigens were prepared in 0.025 ml amounts, and mixed with 0.05 ml of erythrocytes suspension after adding 0.025 ml of the diluent. The mixtures were incubated at room temperature for 2 hr before the result was read. The HA titer was expressed as the reciprocal of the highest HA antigen dilution showing complete HA. In HI test, 0.2 ml of the serum was inactivated at 56°C for 30 min, mixed with 0.2 ml of packed erythrocytes and incubated at 37°C for 1 hr. After removal of the cells by centrifugation, the supernatant fluid was mixed with 0.2 ml of 25% (W/V) kaolin, incubated at room temperature for 1 hr, and centrifuged to remove kaolin. The resulting supernatant fluid was taken as the 2-fold dilution of the serum. Four units of HA antigen in 0.025 ml and 0.025 ml of serial 2-fold dilutions of the treated serum were mixed, incubated at 4°C for 24 hr, and then mixed with 0.05 ml of erythrocyte suspension. The mixtures were then incubated at room temperature for 2 hr and the results were read. The HI antibody titer was expressed as the reciprocal of the highest serum dilution showing complete HI.
For infectivity assay, flat-bottom microplates were used. Serial 10-fold dilutions of the virus suspension were delivered in 0.025 ml amounts into wells, 4 wells per dilution, containing 0.1 ml of CEF cell suspension, 10 6 cells/ ml. The plates were incubated at 37°C for 6 days, and the TCID 50 titer was calculated on the basis of CPE.
Three sera were obtained from cranes naturally infected with CrHV. A 30-day-old duck was inoculated intramuscularly with 0.4 ml (10 4.4 TCID 50 ) of the Hino 93-1 strain. After 3 weeks, the duck was boosted with 0.5 ml (10 4.5 TCID 50 ) of a mixture of the virus suspension and Freund's complete adjuvant (1:1). Four weeks after the last dose, the duck was bled. The serum was collected and Crane herpesvirus (CrHV), one of the avian herpesvirus, was isolated from one manchurian crane (Grus japonensis) in Japan [8] . Some viruses of the family Herpesviridae, such as bovine herpesvirus 1 [10] , equine abortion virus [2, 3] , feline viral rhinotracheitis virus [1, 4, 5] , infectious laryngotracheitis virus [6] , and pseudorabies virus [9] , are known to have hemagglutinating activity. These observations encouraged us to investigate the presence of hemagglutinating activity associated with CrHV, newly isolated in Japan.
This paper describes the first observations on hemagglutination (HA) with CrHV and its HA-inhibition (HI) by anti-CrHV sera.
The CrHV used was the Hino 93-1 strain, which was isolated from an affected crane fed in a zoo [7, 8] . CrHV was passaged and propagated in chick embryo fibroblast (CEF) cells.
The CEF cells were prepared from 10-day-old chick embryo of a specific pathogen free (SPF) White Leghorn flock dams, and used for preparation of HA antigen and virus titration. The growth medium (GM) used was Eagle's minimum essential medium (MEM) containing 5% inactivated calf serum (CS), 10% tryptose phosphate broth, 100 units/ml of penicillin, and 100 µg/ml of kanamycin. The maintenance medium (MM) was MEM supplemented with 0.5% lactalbumin hydrolysate, 0.2% bovine serum albumin (BSA), and antibiotics.
Confluent cultures of CEF cells prepared in 500 ml cell culture bottles were inoculated with 10 2 TCID 50 of CrHV. After 1 hr adsorption at 37°C, the inoculated culture were washed once with MM and fed with 30 ml of MM for 5 days or longer until cytopathic effect (CPE) was maximal.
As described later, in some experiments, culture fluid harvested from infected cells was used as HA antigen after centrifugation to remove coarse debris. In subsequent experiments, however, HA antigens concentrated from infected culture fluid were used.
Blood was obtained in Alsever's solution and stored at 4°C. When used, erythrocytes were washed 3 times with stored at 20°C before use. Rabbit serum immunized with the X/87/79 strain of CrHV was kindly supplied by Dr. E. F. Kaleta, Institute for Avian and Reptile Medicine, Justus Liebig University Giessen in Germany.
In neutralization tests (NT), serial 2-fold dilutions of the serum inactivated at 56°C for 30 min were made in MM and 0.05 ml of each dilution were mixed with an equal volume of MM containing 200 TCID 50 /0.05 ml of virus. After incubation at 37°C for 60 min, the serum-virus mixtures were delivered in 0.05 ml volumes into wells of flat-bottom microplates, 2 wells for each serum dilution, containing 0.1 ml cell suspension, 10 6 cells/ml, and incubated at 37°C for 6 days and the result was read. The NT antibody titer was expressed as the reciprocal of the highest serum dilution which showed complete inhibition of CPE in at least one of the 2 wells.
In preliminary experiments with culture fluid harvested from CEF cell cultures infected with CrHV, erythrocytes from mouse were found to be agglutinated, although the HA titers obtained were low. To confirm this finding, we prepared concentrated HA antigens by ultracentrifugation. Infected cells were scraped from the bottle surface with a rubber policeman and the culture fluid containing the cells was harvested. The culture fluid was centrifuged at 10,000 rpm for 20 min. The resultant pellet was suspended in 1/10 the original volume of the culture fluid. The suspension was subjected to 3 cycles of freeze-thaw treatment and centrifuged at 10,000 rpm for 20 min. The supernatant was centrifuged at 27,000 rpm for 3.5 hr with SW27 rotor (Beckman). The pellet was resuspended in 1/100 the original volume of PBS and used as a concentrated HA antigen, unless otherwise stated.
The concentrated antigens thus prepared were tested for HA with erythrocytes from a variety of species at 4°C, room temperature and 37°C. HA was observed at all temperatures with mouse erythrocytes, BALB/c and ddY strains, whereas erythrocytes from cattle, sheep and chickens failed to agglutinate under the test conditions (Table 1 ). In the strains of mouse, erythrocytes from BALB/c gave a higher HA titer (Table 1 ). In addition, we found that erythrocyte samples from ddy mouse showed a wide variation in their agglutinability, ranging from 16 to 64 HA titers. HI and NT tests were carried out on serum samples from 3 naturally infected cranes, one experimentally infected duck and one immunized rabbit. As shown in Table 2 , HI antibody titers were closely correlated with NT antibody titers.
The HA and HI tests developed in this study seem very useful and should find a wide application in studies on the virus and its disease. 
